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Abstract 
This paper discusses the Dynamic ROad traffic NoisE (DRONE) simulator, and its 
implementation as a tool for noise abatement policy evaluation. DRONE involves integrating a 
road traffic noise estimation model with a traffic simulator to estimate road traffic noise in urban 
networks. An integrated traffic simulation-noise estimation model provides an interface for direct 
input of traffic flow properties from simulation model to noise estimation model that in turn 
estimates the noise on a spatial and temporal scale. The output from DRONE is linked with a 
geographical information system for visual representation of noise levels in the form of noise 
contour maps. 
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1. Introduction 
The quality of life next to many roads is adversely affected by traffic noise. Traffic noise is wide 
ranging, and can cause sleep disturbance and decrease work efficiency. To estimate the level of 
noise in urban areas a number of estimation models have been developed (Pamanikabud and 
Tansatcha, 2003; Ton et al., 1998) but these do not generally consider time-dependent traffic 
demand. Hence, they fail to consider dynamic changes in traffic characteristics. Moreover, most 
of the models estimate noise at a receptor point based on simple building configurations where as 
in the real world a built-up area is comprised of multiple buildings where it is difficult to define 
multiple diffractions and reflections.  
To circumvent these problems an area wide Dynamic ROad traffic NoisE simulator 
(DRONE) (Bhaskar, 2004) has been developed that can estimate noise at any number of receptor 
points taking into account the effect of buildings. Based on traffic simulations of the road 
network, the model estimates noise over both space and time and generates areawide dynamic 
noise contour maps. The strength of DRONE is its ability to consider the time-dependent 
changes in traffic flow in an areawide region resulting from different transportation policies.  
Noise estimations from DRONE can be applied to; Identify hot spots where noise levels 
exceed the national standards; study the merits and demerits of noise abatement policies based on 
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cost efficiency and effectiveness; quantify social effects associated with noise pollution, and for 
strategic planning. 
2. The Model 
Traffic simulation is used to define the flow of vehicles on the network and these simulations 
form the sources for the noise estimation model. DRONE integrates the output from a traffic 
simulation model with a noise estimation model considering the time-dependent variations in 
traffic flow characteristics so as to estimate noise levels on spatial and temporal scale. DRONE is 
further linked with geographical information systems (GIS) to provide spatial representations of 
noise levels (Figure 1).  
Here, a mesoscopic traffic simulation model, AVENUE (Horiguchi and Kuwahara, 1996), 
is used that can provide dynamic traffic flow characteristics with a minimum resolution of one 
second on any complicated road network. The Acoustic Society of Japan (ASJ) Model-1998 
(Oshino, 2000; Tachibana, 2000; Yamamoto et al., 2000), which is the standard road traffic noise 
estimation model in Japan, is used for noise estimation. Noise levels in built-up area are 
developed by adopting the statistical approach suggested by Uesaka (2000). 
 
Outline of the ASJ Model-1998 
The ASJ Model-1998, is an advanced and semi-empirical model used for environmental impact 
assessments in Japan. It estimates equivalent continuous A-weighted sound pressure level (LAeq) 
for different vehicle types. Each lane of the road under consideration is divided into number of 
sections and vehicles are assumed to be present at the centre of the section. The sound generated 
by the source is defined in terms of a vehicle’s sound power level based on its type and running 
condition. The corresponding sound pressure level at the receptor is obtained by consideration of 
sound propagation from the source to receptor point. The latter depends on a number of factors, 
such as ground properties, distance, and buildings between the source and the receptor point. The 
sound pressure exposure (LAE) at the receptor point is estimated based on the time when the 
vehicle is in the corresponding section. Finally, LAeq is obtained by considering the traffic 
volume, i.e.: 
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Where, t is time interval in seconds and N is the number of vehicles in time t. For LAeq (hourly), 
N is flow (vehicles/hour) and t is 3600 seconds.  
Precise consideration of multiple diffractions and reflections in the built-up area is 
complicated and Uesaka method is used to solve this. The average equivalent continuous A-
weighted sound pressure level ( AeqL ) for a section in the built-up area is calculated to reflect the 
effect of buildings using: 
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where, ( )AeqL without buildings  is obtained from  Equation 1 by taking a hypothetical situation 
where no buildings exist between the source and the receptor point; and 
buildsL is attenuation by 
buildings in the built-up area. buildsL  is a function of the distance between the source and 
receptor and the density of the buildings between the source and receptor.  
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where; C is the sound energy contribution from the sound source without buildings., C1 is the 
contribution from path SR which propagates through both FGB and RGB, C2 is the contribution 
from path SXYR which propagates over FGB and through RGB, and C3 is the contribution from 
path SXYZR which propagates over both FGB and RGB. The built-up area is divided into a 
front group of buildings (FGB) and a rear group (RGB) and the sound energy propagation 
through and over the buildings is estimated (Figure 2).  
For simplification in simulation, we define a strip method in the calculation algorithm. 
Each lane is divided into a number of segments and for each segment, the built-up area 
attenuation is estimated by considering the built-up strip (Figure 3) formed between the lane 
segment and receptor point. 
To represent traffic and its behavior, a simulator is calibrated and validated. After tuning 
the traffic simulation parameters, the output from the simulation is used for noise estimation.  
For area wide noise estimation the study area is divided into a grid of user-defined 
receptor points. Then for a particular receptor all possible sources that contribute noise at that 
point are searched. For this , the road network is divided into number of small sections and a 
source is assumed in the centre of the section. Traffic characteristics for each source section are 
defined using the results from the traffic simulation on the network. Then for a particular source 
and receptor, noise calculations with and without building attenuations are performed based on 
the urban landscape – e.g. building and ground properties between the source and the receptor – 
and traffic characteristics – e.g. vehicle type and time-dependent traffic speeds and flows – on 
the source section. The process is repeated for all sources and for all receptor points and linked 
with GIS to provide noise contour maps (Figure 4). 
Validation 
Validation in non built-up area uses data from roadside areas with no buildings collected by the  
Acoustic Society of Japan. The correlation coefficient for measured noise level versus simulated 
noise level is satisfactory (Figure 5), with the maximum difference between the simulated and 
measured noise level is less than 1 dB(A). Validation in built-up area makes use of data obtained 
from the National Institute for Land and Infrastructure Management (NILIM), Ministry of Land, 
Infrastructure and Transport, Japan. The correlation coefficient for measured versus simulated 
noise level is again good (Figure 6). The deviation is around 4 dB(A) at some receptor points 
located within densely arranged buildings however, this is within acceptable limits for built-up 
area.  
Overall, therefore, one can conclude that DRONE provides a good estimation of road 
traffic noise in both non built-up and built-up areas.  
3. Implementation  
To examine a potential use of DRONE we consider industrial and residential buildings with 
significant traffic flow resulting in air and noise pollution around the Ikegami Shinmachi 
intersection in Tokyo. The surrounding area has buildings of different heights varying from 4m 
to 75m tall. A diagonal three-lane highway with residential areas on one side and industrial areas 
on the other runs through the area. The Tokyo Metropolitan Expressway, with two lanes in each 
direction is runs approximately nine meter above the local highway. A two-meter high sound 
wall is erected along the urban expressway in both directions. During peak periods, significant 
amount of traffic flows on the network. Traffic flow is around 1700 pcu/hr (45%  being heavy 
vehicles) on the arterial highway and around 2700 pcu/hr (30 % heavy vehicles) on the urban 
expressway.  
The area around the intersection is divided into the core and whole area that are 1km 
square and 5km by 3km, respectively. Different transportation and noise abatement policies are 
applied to the core area to study the impact of those policies on noise levels over the entire area. 
Policies applied on one area may affect the other areas, so consideration of the core and whole 
area provides a better understanding of their impacts.  
Traffic flow characteristics from the study area are used as a check on the traffic 
simulation parameters. Once the simulated flow and its behavior approaches the actual traffic 
situation on the network, it is assumed that the simulation can be used to explore various traffic 
scenarios. Here, observed versus simulated throughputs, turning percentage and queue lengths at 
major intersections are compared; the correlation coefficient for observed versus simulated 
throughputs is 0.97 and for observed versus simulated turning percentage is 0.98. The simulated 
queue lengths are comparable to the observed queue lengths.  
Traffic Noise Assessment 
A number of noise reduction scenarios relating to the core area, as well as the entire area, and 
various transportation policies such as bans on the heavy vehicles and lower speed limits are 
examined in addition to the use of low noise pavement (e.g. drainage asphalt) and sound walls. 
Only the contour maps related to the ban on heavy vehicles and use of sound wall are 
discussed in detail along with a comparative overview of the scenarios regarding noise reduction 
and costs of installations and maintenance
1
. The noise level is estimated 1.2 meters above ground 
level. In the maps all dark areas have noise level below the threshold of 55 dB(A) for residential 
areas and 60 dB(A) for industrial areas. All lighter colored regions represent areas having noise 
level above the threshold; the “affected regions”. The darker the color, the higher the noise level. 
Noise impacts for each scenario are studied by considering the noise level at residential and 
industrial buildings above their thresholds. 
Figure 8 shows the base case noise contour map i.e., corresponding to present 
infrastructure and traffic conditions. In this case 16% and 17%, of residential buildings are 
affected in the core and whole area respectively with 18% and 17% of industrial buildings 
affected.  In all, 17% of buildings in the core are and 16% more broadly are affected.  
A number of possible policy options can now be reviewed.  
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Traffic management scenarios, such as imposing lower speed limits or bans on heavy 
vehicles lead to diversion of vehicles potentially changing the noise levels over both space and 
time. Figure 9 shows the contour map after imposing a ban on heavy vehicles along a highway 
section over the simulation period. This leads to a shift of heavy vehicles to other arterial roads. 
Comparing the noise map with the base case, we can see that the arterial roads that had less 
traffic in the base case are more intensely used due to heavy vehicles diverting. Noise levels in 
the core area decrease while over the whole area rises. The same effect is seen in terms of 
changes in proportion of the buildings affected. The percentages of residential and industrial 
buildings affected in the core area decreases from 16% to 15% and from 18% to 16%. The 
corresponding percentages for the whole area, however, show an increased from 16% to 18% 
and from 17% to 18%.  
To demonstrate the importance of sound wall along the urban expressway, a scenario with 
no sound walls is developed. Here the intensity of noise is significantly higher along the urban 
expressway section and extends a larger distance (Figure 10) affecting almost the whole of the 
core. The percentage of residential and industrial buildings affected in the latter increase from 
16% to 83% and from 18% to 72%, respectively. The corresponding figures in whole area show 
rises from 16% to 36% and from 17% to 47%.  
An overview of the scenarios is summarized in Table 1. We see that reductions in noise 
level are high with investments in noise reducing infrastructure, such as sound walls or drainage 
asphalts. These measures, however, require substantial amounts of capital. On the other hand, 
managing traffic does not require high installation and maintenance outlays, but, because of 
diversionary effects, can shift the noise problem from one area to another.  
4. Conclusions  
Noise nuisance is a major by-product of transportation and a serious social issue. Measurement 
of noise and the ability to assess alternative amelioration are increasingly pressing challenges. 
DRONE is capable of estimating noise level in non built-up and built-up areas. It provides area-
wide time-dependent noise contour maps. Applying DRONE to a real network shows that noise 
abatement policies based on traffic management can reduce noise levels in a limited area, but 
when a larger geographical area is analyzed, the problem may shift to other areas.  
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Table 1 Overview of different noise abatement measures. 
Measure Noise Reduction Cost 
Core Area Whole Area Installation Maintenance 
Sound Wall HIGH HIGH HIGH MEDIUM 
Drainage Asphalt  HIGH HIGH HIGH HIGH 
Banning of Heavy 
Vehicle 
MEDIUM NEGATIVE 
IMPACT 
NIL NIL 
Imposing Speed 
Limit 
NEGATIVE 
IMPACT 
NEGATIVE 
IMPACT 
NIL NIL 
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Figure 1 Methodology underlying DRONE. 
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Figure 2 Illustration of built-up area and sound propagation through and over and the area. 
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Figure 3 Illustration of strip formed by lane segment and receptor point. 
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Figure 4 Calculation procedure for DRONE. 
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Figure 5 Validation of DRONE for non built-up area. 
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Figure 6 Validation of DRONE for built-up area. 
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Figure 7 Role of DRONE in transportation planning. 
 
  
 
 
 
 
Figure 8 Base case noise contour map (LAeq-15min from 7:00 am to 7:15 am). 
 
 
 
Figure 9 Contour map when heavy vehicles are banned along the indicated highway section. 
 
 
 
Figure 10 Contour map when there is no sound wall along urban expressway. 
 
 
